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@ Dual-radius acetabular cup component 

@ An acetabular cup has a shell component (12) 
with an outer surface including a first spherical sur- 
face portion (22) and a second 'spherical surface 
portion (24), and an acetabulum is prepared with an 
inner surface having a spherical configuration com- 
plementary to the second spherical surface portion 
(24) of the shell component (12). the radius of the 
first spherical surface portion (22) being slightly 
greater than the radius of the second spherical sur- 
^face portion (24) such that upon nesting of the 
^second spherical surface portion (24) of the shell 
^component (12) in contiguous relationship with the 
to inner surface of the acetabulum, the first spherical 
^surface portion (22) engages the inner surface of the 
acetabulum in an interference fit to secur the shell 
00 component (12) within the prepared acetabulum. 
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DUAL-RADIUS ACETABULAR CUP COMPONENT 



The present invention relates generally to pros- 
thetic implant devices and pertains, more specifi- 
cally, to an acetabular cup component to be im- 
planted within the acetabulum. Acetabular cups 
routinely are employed to replace the socket pro- 
vided by the natural acetabulum in the implant of 
hip joint prostheses. The securement of the ace- ^ 
tabular cup within the bone of the hip joint has 
been accomplished through the use of cement. 
The shortcomings of the various available cements 
are well-documented and it would be advantageous 
to have available a construction enabling an ace- 
tabular cup to be implanted and fixed within the 
acetabulum without the use of cement. 

One such construction is disclosed in United 
States Patent Number 4.704.127. wherein there is 
illustrated an acetabular cup having a dual-geome- 
try outer surface configuration, including a gen- 
erally frusto-conical surface portion and a generally 
spherical surface portion. The method of implanting 
the acetabular cup requires a two-step preparation 
of the acetabulum to provide both a spherical sur- 
face portion and a frusto-conical surface portion 
along the acetabulum for the reception of the cor- 
responding surface portions of the acetabular cup 
component. Further, once the acetabulum is pre- 
pared to receive the acetabular cup component, 
the angular orientation of the central axis of the cup 
is fixed; that is, the accuracy of the angular orienta- 
tion of the central axis of the implanted acetabular 
cup component is determined by the accuracy of 
the orientation of the instruments employed in the 
preparation of the acetabulum. Thus, it becomes 
more important that the surgeon exercise extreme 
care to assure proper orientation of the cutting 
instruments during preparation of the acetabulum. 

According to one aspect of the present inven- 
tion, there is provided a shell component for use in 
an acetabular cup assembly of a prosthetic joint, 
the shell component having a dual-radius outer 
surface contour conf igured for. implant into an 
acetabulum and securement therein by an interfer- 
ence fit, the shell component having: 
a lower rim: 

an apical region spaced upwardly in an axial direc- 
tion a given distance from the lower rim: 
an intermediate location located between the lower 
rim and the apical region; and 

an outer surface having a first generally spherical 
surface portion extending upwardly from the lower 
rim to the intermediate location, and a second 
generally spherical surface portion extending up- 
wardly from the intermediate location to the apical 
region, the first g nerally spherical surface portion 
having a radius slightly greater than the radius of 



the second generally spherical surface portion. 

According to another aspect of the present 
invention, there is provided an acetabular cup hav- 
ing a unitary dual-radius outer surface contour con- 

5 figuration for implant into an acetabulum and se- 
curement therein by an interference fit, the ace- 
tabular cup having a lower rim, an apical region 
spaced upwardly in an axial direction a given dis- 
tance form the lower rim, an intermediate location 

70 located between the lower rim and the apical re- 
gion, and an outer surface extending between the 
lower rim and the apical region, the outer surface 
contour configuration comprising: 
a first generally spherical surface portion extending 

75 upwardly between the lower rim and the intermedi- 
ate location; and 

a second generally spherical surface portion ex- 
tending upwardly between the intermediate location 
and the apical region; 

20 the first generally spherical surface portion having 
a radius slightly greater than the radius of the 
second generally spherical portion. 

Preferably the intermediate location is spaced 
approximately half the distance between the lower 

25 rim and the apical region. 

Preferably the difference between the radius of 
the first generally spherical surface portion of the 
shell component and the radius of the second 
generally spherical surface portion of the shell 

30 component is approximately 0.5 mm. 

Preferably the first generally spherical surface 
portion of the shell component includes an 
affixation-assisting surface treatment. 

Preferably the shell component or acetabular 

35 cup has a central axis and the origin of the radius 
of the first generally spherical surface portion of the 
shell component is located on the central axis, 
spaced downwardly in an axial direction from the 
lower rim. 

40 Preferably the origin of the radius of the sec- 

ond generally spherical surface portion of the shell 
component is coincident with the origin of the ra- 
dius of the first generally spherical surface portion 
of the shell component. 

45 The present invention provides an acetabular 

cup component with an outer surface configuration 
which enables implant and securement without the 
use of cement or another adhesive, and do s so 
with increased efficacy over commonly available 

50 spherical acetabular cup components, while requir- 
ing a reduced number of steps in the implant 
procedure and rendering the angular orientation of 
the surgical cutting instruments less critical than in 
the aforesaid dual-geometry acetabular cup com- 
ponent. Accordingly, the present sinvention accom- 
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plishes several objects and advantages, some of 
which may be summarized as follows: provides an 
acetabular cup component capable of being im- 
planted and secured in place without the use of 
cement or another adhesive, utilizing a simplified 
implant method: provides an acetabular cup com- 
ponent capable of being implanted and secured in 
place with an interference fit; enables simplification 
of the preparation of the acetabulum with less 
invasion of the bone of the acetabulum; reduces 
the criticality of the angular orientation of the cut- 
ting instruments employed to prepare the acetabu- 
lum for implant, while still realizing the advantages 
of an interference fit between the acetabular cup 
component and the acetabulum; enables a quicker 
preparation of the acetabulum without sacrificing 
efficacy; places the interference fit at a preferred 
location within the bone available in the acetabulum 
while attaining congruity between the acetabular 
cup component and the prepared acetabulum es- 
sentially along the entire prepared acetabular sur- 
face, thus achieving appropriate bone apposition 
for proper implant affixation; enables a cup configu- 
ration of simplified design and construction for 
ease of manufacture with precision and reliability; 
enables a rugged construction in an acetabular cup 
component for reliable service over a long service 
life. 

The invention will be understood more fully, 
while still further objects and advantages will be- 
come apparent, in the following detailed description 
of a preferred embodiment of the invention illus- 
trated in the accompanying drawing, in which: 

FIG. 1 is an exploded perspective view of an 
acetabular cup assembly including a shell compo- 
nent constructed in accordance with the present 
invention; 

FIG. 2 is an enlarged, partially diagrammatic, 
elevational view of the shell component; 

FIG. 3 is an illustration of a portion of a hip 
bone showing the preparation of the acetabulum for 
reception of the shell component; and 

FIG. 4 is an illustration similar to FIG. 3, but 
showing the implant and securement of the shell 
component. 

Referring now to the drawing, and especially 
FIG. 1 thereof, an acetabular cup assembly 10 is 
shown having a shell component 12 constructed in 
accordance with the invention, and a bearing com- 
ponent in the form of bearing insert 14. initially, the 
shell component 12 will be implanted and secured 
within the acetabulum, as will be explained below, 
and the bearing insert 14 will be assembled with 
the shell component 12, interoperatively (that is 
during surgery) , in the manner described in United 
States Patent Number 4,695.282. 

As best seen in FIG. 2. as well as in FIG. 1, 
shell component 12 includes a lower rim 16. and 



an apical region or top 18 spaced upwardly in an 
axial direction a given distance D from the lower 
rim 16. The outer surfac 20 of the shell compo- 
nent 12 includes a first or lower generally spherical 
s surface portion 22 and a domed, second or upper 
generally spherical surface portion 24 which, to- 
gether, establish a unique dua!-radius surface con- 
tour 26 along the outer surface 20 of the cup 
component 12. 
70 The lower spherical surface portion 22 extends 

upwardly along an essentially continuous profile, as 
depicted diagrammatically at the left side of FIG. 2. 
from the lower rim 16 to a location L spaced 
upwardly from the rim 16 about one-half the dis- 
75 tance D between the rim 16 and the top 18. The 
upper spherical surface portion 24 extends upwar-. 
dly from the intermediate location L to the top 18. 
The lower spherical surface portion 22 has a radius 
R measured from an origin 28 located on the 
20 central axis C of the shell component 12 and 
spaced downwardly a short distance Y from the 
plane P of lower rim 16 so that the origin 28 is 
located outside the envelope of the shell compo- 
nent 12. Upper spherical surface portion 24 has a 
25 radius 5 measured from an origin coincident with 
origin 28. Radius R of the lower spherical surface 
portion 22 is slightly greater than radius S of the 
upper spherical surface portion 24. and a smooth 
transition is provided between the lower and upper 
30 spherical surface portions 22 and 24 in the vicinity 
of intermediate location L. as seen at 29. Lower 
spherical surface portion 22 preferably is knurled, 
as indicated at 30, or is provided with an alternate 
affixation-assisting surface treatment, for purpos s 
35 which will be described more fully hereinafter. 

Referring now to FIG. 3. the acetabulum 40 of 
a hip bone 42 has been provided with a surface 
contour for the reception of shell component 12. 
Thus, acetabulum 40 is prepared by forming an 
40 inner spherical surface 44. as by reaming with a 
spherical reamer (not shown) to the full desired 
depth D' of the acetabulum. Spherical surface 44 is 
provided with a radius s' which is essentially equal 
to radius S of the upper spherical surface portion 
45 24 of the outer surface 20 of the shell component 
12. Thus, the radius s' at the mouth 50 of the 
prepared acetabulum 40 is slightly smaller than the 
radius R of the lower spherical surface 22 of shell 
component 12. Depth d' is essentially equal to 
50 distance D of the shell component 12. 

It is noted that in the surgical environment the 
preparation of the acetabulum 40 is carried out with 
hand-held instruments, so that ordinarily it is dif- 
ficult to maintain the desired precision in the rela- 
55 tionship between the surfaces of the prepared ace- 
tabulum and the shell component to be implanted 
In the prepared acetabulum. In particular, it is nec- 
essary to assure that the central axis C of the shell 
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component 12 will be oriented properly with re- 
spect to the hip bone 42 when the shell component 
12 is seated within the acetabulum 40. and that 
orientation usually must be taken into account dur- 
ing preparation of the acetabulum. However, since 
the inner surface of the acetabulum 40 is the 
spherical surface 44, the orientation of the spheri- 
cal reamer which prepares spherical surface 44 is 
independent of the orientation of tile seated cup 
component 12 and the preparation of the acetabu- , 
lum 40 is simplified. That is, the hand-held spheri- 
cal reamer may be held at any angular orientation 
during preparation of the spherical surface 44 with- 
out affecting the ultimate orientation of the im- 
planted cup component 12. so that orientation of 
the reamer is not critical, thereby facilitating prep- 
aration of the acetabulum 40. 

Turning now to FIG. 4. shell component 12 
initially is placed in the prepared acetabulum 40 in 
the position shown in phantom, with the upper 
spherical surface portion 24 of outer surface 20 
within the acetabulum 40 and the lower spherical 
surface portion 22 against the mouth 50 of the 
acetabulum 40. Subsequently, the shell component 
12 is impacted into the acetabulum 40, utilizing 
available surgical instruments provided for that pur- 
pose, as illustrated in full lines, to achieve a tight, 
stable interference fit by virtue of the relative di- 
mensions of the lower spherical surface portion 22 
of the outer surface 20 of the shell component 12 
and the spherical surface 44 of the acetabulum 40 
at the acetabular rim 52 adjacent the mouth 50. At 
the same time, the upper spherical surface portion 
24 and spherical surface 44 are placed in a contig- 
uous nested relationship to attain the desired ap- 
position between the shell component 12 and the 
acetabulum 40. The implant procedure is facilitated 
and the desired apposition is attained more readily 
by the dual-radius configuration of the outer sur- 
face 20, which configuration provides a relatively 
smooth transition between the lower spherical sur- 
face portion 22 and the upper spherical surface 
portion 24 in the vicinity off intermediate location L. 

It is noted that the lower spherical surface 
portion 22 of the cup component 12 is located in 
the acetabular rim 52 upon completion of the im- 
plant. Thus, the interference fit between the cup 
component 12 and the acetabulum 40 is placed 
within a region of optimal bone structure for the 
accommodation of the interference fit. At the same 
time, the desired apposition between the upper 
spherical surface portion 24 and the prepared ace- 
tabulum 40 is attained by virtue of the congruity 
achieved by the fact that radius S and radius S are 
equal. The shell component 12 is secured within 
the acetabulum 40 against rotation about the axial 
direction, against axial displacement and against 
rocking movements. The configuration of the outer 



surface contour 26 of sh II component 12 assures 
such firm securement while requiring only minimal 
bone removal in the preparation of the acetabulum 
40. The knurled or other affixation-assisting surface 

5 treatment at 30 assists in fixing the shell compo- 
nent 12 in place. A further affixation-assisting sur- 
face treatment (not shown) may be provided along 
the upper spherical surface portion 24 to assist in 
attaining affixation along the nested surfaces of the 

10 cup component 12 and the acetabulum 40. In addi- 
tion, location of the lower spherical surface portion 
22 of the shell component 12 within the acetabular 
rim 52 provides a transfer of the load placed on the 
shell component 12 resembling the natural load 

75 transfer. 

Shell component 12 is manufactured in a range 
of sizes. Typically, the diameter of the spherical 
, surface 44 will range from about 40 mm to 72 mm. 
It has been found that a difference of only about 

20 0.5 mm between the radius R of the lower spheri- 
cal surface portion 22 and the radius S of the 
upper spherical surface portion 24. when employed 
in combination with an acetabulum 40 within the 
range of the aforesaid dimensions, is sufficient to 

25 accomplish an interference fit having the qualities 
outlined above without introducing deleterious or 
intolerable stress in the surrounding bone structure. 
It is noted that the term "approximately one-half 
the distance D as employed to define the axial 

30 extent of the lower spherical surface portion 22 
relative to the axial extent of the upper spherical 
surface portion 24 

denotes the ability to depart slightly from the nomi- 
nal one-half the distance D while still attaining 
35 adequate performance. 



Claims 

40 1. A shell component for use in an acetabular 

cup assembly of a prosthetic joint, the shell com- 
ponent having a dual-radius outer surface contour 
configured for implant into an acetabulum and se- 
curement therein by an interference fit. the shell 

45 component having: 
a lower rim; 

an apical region spaced upwardly in an axial direc- 
tion a given distance from the lower rim; 
an intermediate location located between the lower 

50 rim and the apical region; and 

an outer surface having a first generally spherical 
surface portion extending upwardly from the lower 
rim to the intermediate location, and a second 
generally spherical surface portion extending up- 

55 wardly from the intermediate location to the apical 
region, the first generally spherical surface portion 
having a radius slightly greater than the radius of 
the second generally spherical surface portion. 
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2. A shell component according to Claim 1. 
wh rein the int rmediate location is spaced ap- 
proximately half the distance between the lower rim 
and the apical region. 

3. A shell component according to claim 1 or 2. 
wherein the difference between the radius of the 
first generally spherical surface portion of the shell 
component and the radius of the second generally 
spherical surface portion of the shell component is 
approximately 0.5 mm. 

4. A shell component according to claim 1 . 2 or 
3. wherein the first generally spherical surface por- 
tion of the shell component includes an affixation- 
assisting surface treatment. 

5. A shell component according to any preced- 
ing claim, wherein the shell component has a cen- 
tral axis and the origin of the radius of the first 
generally spherical surface portion of the shell 
component is located on the central axis, spaced 
downwardly in an axial direction from the lower rim. 

6- A shell component according to claim 5. 
wherein the origin of the radius of the second 
generally spherical surface portion of the shell 
component is coincident with the origin of the ra- 
dius of the first generally spherical surface portion 
of the shell component. 

7. An acetabular cup having a unitary dual- 
radius outer surface contour configuration for im- 
plant into an acetabulum and securement therein 
by an interference fit, the acetabular cup having a 
lower rim. an apical region spaced upwardly in an 
axial direction a given distance from the lower rim, 
an intermediate location located between the lower 
rim and the apical region, and an outer surface 
extending between the lower rim and the apical 
region, the outer surface contour configuration 
comprising: 

a first generally spherical surface portion extending 
upwardly betv/een the lower rim and the intermedi- 
ate location; and 

a second generally spherical surface portion ex- 
tending upwardly between the intermediate location 
and the apical region; 

the first generally spherical surface portion having 
a radius slightly greater than the radius of the 
second generally spherical portion. 

8. An acetabular cup according to claim 7, 
wherein the intermediate location is spaced ap- 
proximately half the distance between the lower rim 
and the apical region. 

9. An acetabular cup according to claim 7 or 8. 
wherein the difference betw en the radius of the 
first generally spherical surface portion of the shell 
component and the radius of the second generally 
spherical surface portion of the shell component is 
approximately 0.5 mm. 

10. An acetabular cup according to claim 7, 8 
or 9. wherein the first generally spherical surface 
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portion of the shell component includes an 
affixation-assisting surface treatment. 

11. An acetabular cup according to any one of 
claims 7 to 10. wherein the acetabular cup has a 

5 central axis and the origin of the radius of the first 
generally spherical surface portion of the acetabu- 
lar cup is located on the central axis, spaced 
downwardly in an axial direction from the lower rim. 

12. An acetabular cup according to claim 11. 
10 wherein the origin of the radius of the second 

generally spherical surface portion of the acetabu- 
lar cup is coincident with the origin of the radius of 
the first generally spherical surface portion of the 
acetabular cup. 
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